Recent studies have show that small marine herbivores with limited mobility (mesograzers) often feed on macroalgae chemically defended against fishes or sea-urchins. In order to verify the involved mechanisms of chemotaxis or chemical defense into this process in Brazilian littoral, two species of brown alga Dictyota menstrualis and Dictyota mertensii were studied against the limited mobility herbivores, the amphipod Parhyale hawaiensis and the crab Pachygrapsus transversus. These two species were studied in order to verify the action of their crude extracts in the defense and chemotaxis processes related to limited mobility of these herbivores. Feeding preference assays revealed that P. hawaiensis do not eaten these Dictyota species. P. transversus do not eaten D. menstrualis either, but consumed large amounts of D. mertensii. Chemical deterrence assays showed that extracts of these species act as feeding deterrent to both species of herbivores. In addition, chemotaxis assays demonstrated that both herbivores are significantly negative chemotactic probably due to the presence of complementary metabolites into artificial foods. Considering that both Dictyota species exhibit active extracts against these small herbivores, we suppose that the non-occurrence of these herbivore species in close relationship with the seaweeds D. menstrualis and D. mertensii may explain the defense action of both extracts related to these mesograzers.
INTRODUCTION
Secondary metabolites, also known as complementary metabolites (sensu Sammarco & Coll, 1997) are considered more important and diverse than macromolecular toxins (Cavalier-Smith, 1992) . In the marine environment, seaweeds, sponges, ascidian and soft corals produce a diverse array of complementary metabolites such as terpenoids, acetogenins, polyphenols (= phlorotannins) and alkaloids (Faulkner, 1997) .
Complementary metabolites can mediate a wide range of ecological interactions between marine organisms, including seaweed chemical defenses against herbivores (Hay & Steinberg, 1992; Paul, 1992) , invertebrate chemical defense against predators (Pawlik et al., 1995; Sammarco & Coll, 1988; Vervoort et al., 1998) , anti-fouling or allelopathic relationships (Nys et al., 1991 (Nys et al., , 1995 Wahl, 1989) , chemical mediation in reproduction of alcyonacean corals (Coll et al., 1989) and inhibition or induction to larvae metamorphose and recruitment (Pawlik, 1992) .
Although several species of seaweeds belonging to Chlorophyceae, Phaeophyceae and Rhodophyceae exhibit complementary metabolites with broad ecological significance (Paul, 1992; Paul & Alstyne, 1988) , brown algae belonging to the order Dictyotales are well-known to produce the similar dictyols: dictyol B, dictyol B acetate, dictyol E, dictyol H and pachydictyol A, all that have been extensively tested as defenses against herbivores. In general, Dictyota produces complementary metabolites broadly defensive against a wide variety of consumers and fouling (Hay, 1992; Hay & Steinberg, 1992; Schmitt et al., 1995) . In spite of defensive characteristics of these brown algal compounds, some herbivores are tolerant to them and selectively consume plants that are chemically defended in relation to other herbivores (Hay, 1992) . Defensive compounds against fishes and urchins do not affect small and relatively sedentary herbivores such as amphipods, polichaetes, and crabs. In fact, mesograzer herbivores subject to high potential predation rates may preferentially feed on this type of plants in order to minimize their susceptibility to natural enemies (Duffy & Hay, 1994) .
Despite the large literature about seaweed chemical defenses in Caribbean sea (e.g. Bolser & Hay, 1996) , in Guam -tropical Pacific (e.g. Pittik & Paul, 1997) and North Carolina region (e.g. Cronin & Hay, 1996a) , little is known about abundance and ecological significance of seaweed complementary metabolites in South Atlantic region (e.g. Fleury et al., 1994; Pereira, 1998; Pereira et al., 1994; Pereira & Yoneshigue, 1999) . In the present work, we experimentally tested the presence of chemical mediation (chemotaxy and defense) between the Brazilian seaweeds D. menstrualis and D. mertensii related to two meso-herbivore species.
MATERIAL AND METHODS

Study site and organisms assayed
Seaweeds species Ulva fasciata, Dictyopteris delicatula, Dictyota menstrualis, Dictyota mertensii, Sargassum furcatum, Laurencia flagellifera, Rhodymenia pseudopalmata and Osmundaria obtusiloba (= Vidalia obtusiloba) were collected at Praia Rasa ("Shallow Beach"), located between Armação de Búzios and Cabo Frio, State of Rio de Janeiro, Brazil (23 o 01'S and 22 o 44'S). It possesses a rocky shore with a gentle slope about 20 m wide and it is considered to have the most diverse algal flora of the state Yoneshigue, 1985) . Infralittoral fringe is characterized by dense cover of Sargassum spp., visible during the lowest tides and forming a continuous belt about 5m wide along the shore where S. furcatum is one of the most abundant algal species (Yoneshigue, 1985) .
It harbors a rich and varied associated fauna. Among gastropods, the most abundant is Tricolia afinis and other species such as Costoanachis sertularialum and Mitrella argus are also both rather dense. The dominant amphipod is Parhyale hawaiensis. Another conspicuous herbivore, the sea-urchin Echinometra lucunter, is usually found slightly above the S. furcatum belt. Specimens of P. hawaiensis for laboratory assays were also collected in this zone. However, individuals of the crab Pachygrapsus transversus were obtained closed to laboratory, at Praia de Boa Viagem, Niterói (Rio de Janeiro, Brazil).
Feeding assays
Before starting the experiments, both herbivore species were maintained feeding a diet of Ulva spp., because starvation can alter the exact feeding preference by some herbivorous, according to Cronin & Hay (1996b) .
The seaweed susceptibilities to herbivory were verified through a choice experiment in which 8 previously weighted species of algae (U. fasciata, D. delicatula, D. menstrualis, D. mertensii, S. furcatum, L. flagellifera, R. pseudopalmata, and O. obtusiloba) were simultaneously presented to 10 specimens of P. hawaiensis (n = 18). Control aquarium, without specimens of herbivores, containing one pre-weighed individual of each seaweed species and maintained under the same experimental conditions, allowed us to measure biomass variation due to autogenic factors and not by herbivory (Petterson & Renaud, 1989) . After 48 hours, algae were reweighted to evaluate the loss of biomass by herbivory. All weights were obtained from wet algae, from which the excess of water was blotted off using a "salad spinner". The consumed biomass was calculated using the equation [(H 0 x C f /C 0 ) -H f ], suggested by Cronin & Hay (1996b) . H 0 and H f correspond to the initial and final wet masses, respectively, C o and C f to initial and final masses of the control.
Seaweed susceptibilities assays with the crab P. transversus used the same experimental design and procedures as in the amphipod ones. However, in the feeding preference tests 6 species of seaweeds were applied: U. fasciata, D. menstrualis, D. mertensii, S. furcatum, L. flagellifera, and O. obtusiloba (n = 25) .
Mobility experiments
Mobility or displacement of both herbivorous P. hawaiensis and P. transversus to each species of seaweed were assessed using a system in which pieces of seaweed were placed in equal distance of the herbivore in a small aquarium. For each replicate assay, 5 individuals of P. hawaiensis were placed in the center of the aquarium with seawater and the first contact with the seaweed species was observed. The assay was replicated 40 times. For the crab P. transversus the same methodology was applied but due to its behavior, two types of assays were done: in one of them seaweed species were offered in cages (n = 20), in the other there was no cage (n = 20).
Extraction procedures
The extracts of D. menstrualis and D. mertensii were prepared using a mixture of 2:1 dichloromethane and methanol. This combination of solvents tends to extract the lipophilic compounds better than these solvents alone (Cronin et al., 1995) .
Chemical deterrence assays
Chemical deterrence of D. menstrualis and D. mertensii extracts was verified including natural concentrations of these extracts in an artificial food prepared according to Hay et al. (1994) . Artificial foods (treatment and control -without extract) were included in a small square mesh (7 x 10 squares) and offered simultaneously to herbivores. Both assays were run in small cups, each containing 7 individuals of P. hawaiensis (n = 13-18) and 1 individual of P. transversus (n = 16-17). The effect of extract on herbivory was determined comparing the number of square consumed in both experiment and control meshes.
Chemotaxis -paired and multiple-choice assays
Several assays were carried out to verify chemotaxy of extracts for both species D. menstrualis and D. mertensii to P. hawaiensis. Agar blocks were prepared using a similar procedure employed in the chemical deterrence assays but included in small acrylic molds (2 cm diameter x 1cm thickness). These are the assays that were developed: control blocks x blocks with D. menstrualis extract (n = 20); control x blocks with D. mertensii extract (n = 20); control x blocks with D. menstrualis extracts control x blocks with D. mertensii extract (n = 20); control x U. fasciata blocks (n = 15), and agar blocks x blocks with D. menstrualis extract (n = 15). In all assays two or three options simultaneously to amphipods were offered. It was observed both the initial and final contacts of amphipod individuals with the artificial foods in each assay type.
Statistical analysis
Feeding preference or chemotaxis experiments with simultaneous offer of more than two alimentary items are very common in the ecological literature and the Analysis of Variance (ANOVA) or some variations of this are applied. However, this procedure becomes inadequate, because the samples (different species of seaweeds) are not independent (a low consumption of a single species could be interpreted as resultant of the high consumption of other). In most cases, there is no statistical analysis adapted to this type of experiment. It can take a confusion in the results if the animals consume, for example, great amounts of a type of low preference trying to compensate a low nutritional quality that is offered. Thus, the t test was applied to the initial and final biomass of the algae, to verify the existence of difference of consumption for each species. On the other hand, to analyze the existence of alimentary preference between the species, the Friedman test was applied according to suggestion of Roa (1992) , because this test doesn't demand independence between treatments. The remaining results of the experiments were analyzed by single t test.
RESULTS
Feeding assays
The different susceptibilities of 8 algal species to herbivory by the amphipod P. hawaiensis are shown in Fig. 1 .
The following decreasing sequence was observed among species (mg): U. fasciata (16.5) > D. mertensii (13.6) > S. furcatum (9.6) > L. flagellifera Even without a concern with statistical treatment, it was observed that U. fasciata, D. mertensii and S. furcatum were more consumed when compared to the remaining species. In fact, these three species were all eaten at similar rates and initial and final biomass are different (P < 0.05). The Friedman test confirmed that P. hawaiensis eaten significantly more these three species (P < 0.001).
For the crab P. transversus the following decreasing sequence (mg) was observed ( Fig. 1) : (-3.2) . In fact, P. transversus significantly eaten more on S. furcatum and U. fasciata (P < 0.001, Friedman test and P < 0.001, t test). It is interesting to note that the crab P. transversus also avoided the three species that were less eaten by the amphipod P. hawaiensis (L. flagellifera, D. menstrualis and O. obtusiloba) . In contrast, of amphipod assay results, both species of Dictyota were avoided by P. transversus.
Mobility experiments
The results obtained from the taxis assays are plotted in Fig. 2 (Fig. 1) . The Friedman test demonstrated a significative difference between the most visited algae (P < 0.05).
What means that P. hawaiensis preferred to visit some species in detriment of others. In the taxis assays with cages (Fig. 3) , more individuals of P. transversus moved to the species O. obtusiloba (6 contacts), L. flagellifera (5) and U. fasciata (3) than the other ones: S. furcatum (1), D. mertensii (1) and D. menstrualis. On the other hand, for assays without cages (Figure 3) , they moved to S. furcatum
Both assays (caged or not caged) demonstrated that the crab avoided visiting both Dictyota species.
Chemical deterrence assays
In the assays carried out to verify the effects of the crude extracts of D. menstrualis and D. mertensii (Fig. 4 ) on feeding by P. hawaiensis it was observed that, in both assays, controls and experiments were consumed in different quantities (P < 0.05, Wilcoxon test). For P. transversus (Fig. 4) , only D. mertensii extract inhibited the herbivory by this crab species (P < 0.01, Wilcoxon test). On the other hand, D. menstrualis extract did not inhibited (P = 0.29) the herbivory by this crab (Fig. 4) .
Chemotaxis assays
In a choice experiment (Fig. 5 ), more individuals of P. hawaiensis moved to control blocks compared to other containing D. mertensii extract (P < 0.001, Wilcoxon test). In the same way, individuals of P. hawaiensis avoided (P < 0.001, Wilcoxon test) contact with blocks containing D. menstrualis extract (Fig. 5) . The same behavior was observed when three options were simultaneously offered, control blocks, blocks with extract of D. menstrualis and blocks containing extract of D. mertensii. More individuals of P. hawaiensis moved to control blocks compared to remaining blocks (Fig. 5) .
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Complementary assays in which blocks containing powder of U. fasciata and only agar blocks were simultaneously offered (Fig. 5) , more individuals of P. hawaiensis moved to Ulva blocks (P < 0.01, Wilcoxon test). On the other hand, when agar blocks and U. fasciata blocks containing extract of D. menstrualis were offered (Fig. 5) , the agar blocks were more visited (P < 0.01, Wilcoxon test).
DISCUSSION
Several studies reveal important and meaningful aspects related to feeding preference of marine herbivores to alimentary sources, including the activity of complementary metabolites (Paul, 1992) , nutritional values (Pennings et al., 1993) , structure and toughness of the frond (Steneck, 1997) and susceptibility of the herbivore to predation (Duffy & Hay, 1994) . In fact, feeding preference experiments have been used in many contexts (Roa, 1992) and it can be considered primordial stages in experimental designs, mainly related to seaweeds.
The results of this study, demonstrated by feeding preference experiments, assume that the amphipod P. hawaiensis and the crab P. transversus consumed low amounts of D. menstrualis, whereas D. mertensii was not consumed by P. transversus but was preferred by P. hawaiensis. The extract of D. menstrualis in feeding assays was active against these herbivores and it is possibly responsible by low consumption verified in the feeding preference experiments. In fact, D. menstrualis is well-known to produce the diterpene pachydictyol A, a potent chemical defense against herbivory by Caribbean reef fish (Hay et al., 1987a) , the fishes Diplodus holbooki (Hay et al., 1987b) , Lagodon rhomboides (Hay et al., 1988a) and Siganus doliatus (Hay et al., 1988b) , the amphipods Gammarus mucronatus (cited in Hay & Steinberg, 1992) , Hyale macrodactyla (Hay & Steinberg, 1992) and the sea-urchin Diadema antillarum (Hay et al., 1987a) .
We observed that the inhibition to herbivory by P. hawaiensis and P. transversus is probably due to other compounds than pachydictyol A. TLC analyzes demonstrated that the major compound belonging to other structural class exhibiting two aldehyde protons (see Appendix). Besides, preliminary assays showed that fraction containing this compound is active against these same herbivores, while the fraction with pachydictyol A was inactive (Pereira et al., 2000) . In fact, pachydictyol A is effective as chemical defense against P. hawaiensis when in higher concentration more than found in D. menstrualis from Praia Rasa, Brazil.
Feeding assays also demonstrated that both extracts of D. menstrualis and D. mertensii were active against both P. hawaiensis and P. transversus. These results are according to feeding preference experiments with P. transversus, but not expected to P. hawaiensis that preferred D. mertensii in feeding ones (Fig. 1) . D. mertensii is known to produce the diterpene dictyol H as major active compound, a defense against herbivores such as amphipods and fish (Hay et al., 1988a; Hay & Steinberg, 1992) . Our TLC showed that these species produce diverse complementary metabolites, but with distinct characteristics from dictyol H. It is possible that this brown alga produce other major metabolites rather than dictyol H (see Appendix). Besides, this diterpene in natural concentration found in D. mertensii from Praia Rasa, did not inhibit herbivory by P. hawaiensis (Fleury et al., 1994 (Duffy & Paul, 1992) . For example, the diterpene pachydictyol A, as found in D. mertensii, only reduces fish feeding in lowquality food, but not in the high-quality one (Duffy & Paul, 1992) . Complementary assays demonstrated the validity of use the green palatable alga U. fasciata as attractive into artificial food. Besides, both assays revealed that in spite of its benthic habit (Tararam et al., 1978; Bousfield, 1973) , P. hawaiensis was not moved by any substratum, but he seems to choose the substratum type. In this hypothesis, the block containing powder of U. fasciata would be less visited compared to blocks containing only agar, what did not happen. In the same way, when a block of D. menstrualis extract and an agar one were simultaneously offered, the majority of amphipods was observed on the agar blocks. Although the chemical basis on which amphipods discriminated between blocks with and without extract is unknown, they seem to "recognize" the presence of defensive metabolites found in untouched seaweeds or blocks containing extracts. For example, the amphipod Pseudamphithoides incur-varia moves to Dictyota species that exhibit defensive compounds or to Ulva coated with major compound found in this brown alga (Hay et al., 1990) .
Finally, this study demonstrates defensive properties of D. menstrualis and D. mertensii extracts against the less mobility herbivores (= mesograzers) P. hawaiensis and P. transversus. The herbivores considered more specializedincluding some species of crab, amphipod and polichaete -avoid predation living and feeding on chemically defended seaweeds (Hay, 1992) .
Rich-defensive seaweed to fish or sea-urchin herbivores may not act or stimuli mesograzer herbivores (Hay, 1992; Hay & Steinberg, 1992) . In fact these more specialized herbivores used to live associated with seaweeds to obtain food and protection against predation (Duffy & Hay, 1994) . In the natural environment, both P. hawaiensis and P. transversus are not living close to D. menstrualis or D. mertensii. This aspect can probably explain why complementary metabolites found in these brown algal species inhibit consume by these herbivores.
APPENDIX
The brown alga Dictyota is well known to produce a large and diverse number of complementary metabolites, mostly terpenoid compounds (Faulkner, 1997) . Below, we present some observations about complementary metabolites found in Dictyota species analyzed by TLC (Thin Layer Chromatography).
D. menstrualis from Brazil -Our TLC of extracts showed numerous UV-active spots in the nonpolar region and RMN analysis revealed compounds exhibiting two aldehyde protons, probably belonging to compounds derived from xeniane carbon skeleton (Teixeira et al., 1999) . Then, the major metabolites found in that extract seem to be other than the common pachydictyol A, found in this Dictyota species and responsible for defensive properties against herbivores (Hay & Steinberg, 1992) .
D. mertensii from Brazil -Crude extracts analyzed by TLC revealed a very diversified sterol compounds supposedly in high concentration, according to previous studies (Fleury et al., 1994) . Preliminary assays and RMN analyzes suppose the presence of prenylated guaianes other than pachydictyol A or dictyol H.
